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~ ABSTRACT

An apparatus and method for direct flame incinera-

© tion of a polluted air effluent, such as the efﬂuent
- from a cottee roasting oven. The apparatus comprises

“a cylindrical housing containing three concentric lon-
‘gitudinally aligned shells, each of which defines a re-

spective combustion zone, and with the - outermost
shell defining with the housing an effluent heat ex-

“change passageway to receive the effluent from an ef-

fluent inlet. A fuel gas or oil nozzle directs a spray of

fuel forwardly into the first innermost shell, with pri-
- mary air also flowing into the first shell to provide ini-
- tial combustion of the resulting air-fuel mixture. The
~ effluent flowing from the heat exchange passageway |
- flows partly through an annular secondary inlet into
the combustion zone of the second intermediate shell,

and partly through an annular tertiary passageway into

- the final combustlon zone of the third outermost shell.

‘The combustion products from the final combustion
zone pass out an exhaust stack essentlally as carbon

dloxlde and water. -

18 Clalms, 3 Drawmg thures |
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POLLUTED AIR EFFLUENT INCINERATING
APPARATUS

BACKGROUND OF THE INVENTION
1. Field of the Inventton - |

© 3,960,504

s

“The present invention relates to the removal of pol- o

" lutants from air by direct flame incineration, and to an
apparatus and method for accomplishing the same.
2. Description of the Prior Art |

In the operation of various types of processmg plants |
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~where a polluted air effluent is discharged into the
atmosphere, a common method for removal of such

pollutants is direct flame incineration. A typical exam-

- ple of such air contaminating effluent is that which is

“discharged from a conventional coffee roasting oven.

The effluent from a coffee roaster is air carrymg partic-
ulate matter and a variety of gaseous organic com-

- pounds, such as esters, aldehydes, ketones, and acids.

~ water, which with the effluent air can then be dis-
. charged harmlessly into the atmosphere.

- The prior art attempts at direct flame 1ne1neratlon
“have encountered various problems. In some instances,

‘the heat transmitted from the incinerating apparatus to
-adjacent structure has been sufficiently high to create a

fire hazard. Often this requires quite bulky installations

- of refractory material which adds considerably to the

| 'welght of the apparatus. Another problem with many of
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2
SUMMARY OF THE INVENTION

In the apparatus of the present invention, there 1S a
housing having shell means defining an outer annular

effluent heat exchange passageway and a combustion

“area within the heat exchange passageway In the pre-

ferred form, the combustion area is defined by three
generally concentric shells defining, respectlvely, first,
second and third combustion zones. Primary air and
fuel are directed into the first zone defined by the inner

shell to provide initial combustion. Further, there is an
‘annular secondary air inlet and an annular tertiary air

inlet, with the flow of polluted air effluent from the .

‘heat exchange passageway supplying the flow of air

~ through both the secondary and tertiary inlets, into the -

20
With effective direct flame incineration, these organic -
poliutants can be oxidized to form carbon dioxide and"

235

“second and third combustion zones, respectively, with
" the exhaust from the third combustion zone passing out

an outlet stack as a pollutant free drseharge | |
In the preferred form, the tertiary air inlet is formed

~as an annular passageway between the two outer shells

to provide additional heat exchange of the tertiary

effluent flow. Desirably this tertiary passageway is pro-
vided by forming an overlap between the rear portion

of the outermost shell with the forward portion of the

“intermediate shell. Also in the preferred form vanes-are

provided for both the primary air and the tertiary air to

30

 the prior art incinerating devices is that the apparatusis

~ of sufficient complexity that the cost of initial installa-
tion and also the cost of maintenance are undesirably

hlgh Yet another problem with some prior art devices

_is the unnecessanly high consumption of fuel needed to

obtain proper incineration; also most such prior art

35

‘tion in a first zone. Desirably the flow of fuel and pri-

provide a counter-swirling flow to the primary and - i
tertiary air for Increased turbulence to lmprove com-
- bustion. |

In operation, fuel is dlreeted into the first eombustlon
zone, along with an inflow of primary air, provided:in
the preferred form under pressure by a fan, with the
fuel and primary air mixture providing initial combus-

- mary air is fuel rich, with the rate of primary air flow

devices are limited in the kind of fuel required, in that

~ natural gas must be used to get adequate combustion.

One prior art incinerating device is shown in U.S.

40

Pat. No. 3,549,333, Tabak. In the Tabak patent, there :

~is shown an incinerating apparatus having a burner
which utilizes a portion of the effluent to be incinerated
and mixes this with a fuel to provrde initial combustion.-

45

~ Downstream of the burner, there is a second flow of -

 effluent which mixes with the flame from the burner.

To provide sufficient time, ‘temperature and turbulenee

for adequate combustion, the Tabak device utilizes a

- rather elongate combustion section downstream from

the end of the burner so that there can be substantlally
complete oxidation of the effluent. |

50

Examples of several other prior art combustlon de-— B

vices are disclosed in the following U.S. patents: Ruff et
al, U.S. Pat. No. 3,090,675; Leistritz, U.S. Pat. No.

~3,254,963; Wolfersperger, U.S. Pat. No. 3,276,693;
- Beasley, U.S. Pat. No. 3 560 165; and Reed U.S. Pat.

~No. 3,368,605. |
In-view of the prior art, it is an object of the present
invention to prowde a direct flame incinerating appara-
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tus and method, adapted for use in incinerating an

oven, but not limited thereto, wherein there is a desir-
able balance of such features as high operating effi-
ciency, substantially complete pollutant oxidation,

structural simplicity and compactness, and ease of op- '

'eratton and mamtenance

~ effluent, such as that discharged from a coffee roasting

' 65

being appro}umately half that needed to accomplish |

complete combustion of the fuel. A secondary flow, in

the form of a portion of the polluted air effluent, enters
through the secondary annular passageway into ‘the
second combustion zone to intermix with the reacting
fuel-primary air mixture traveling forwardly into the
second combustion zone. Desirably the rate of flow of
seoondary air 18 adequate to accomplish substantially
complete combustion of the unreacted fuel. Down-

stream of the second combustion zone, there is a ter-

tiary air flow in the form of the remainder of the pol-
luted air effluent which flows into the thid combustion
zone to intermix with the fuel-primary and secondary
air reacting mixture. In the third combustion zone sub-
stantially complete oxidation of the fuel and the pollut-

ants in the effluent take place, with substantially clean

" exhaust being dtscharged from the outlet stack of the -

apparatus. |
Other features of the present mventlon wﬂl become
apparent from the followmg detailed description.

'BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an elevational view, partly in section, illus-._

trating the apparatus of the present invention mounted |
on the roof of a processing plant; |

FIG. 2 | IS a longitudinal sectional view of the appara-

- tus of the present invention; and

FIG. 3 1s a transverse secttonal vlew taken along lmes

| 3-—--—3 of FIG 2.



i;j-.;ils described below ina practlcal appltcatlen of. precess-t{;_;y--"--_ "

- ing the effluent of a coffee roasting oven. However, it is - surrounds the shell 42, A

77f:'l'f'%"-'f.;f'-_access At the rear of the heusmg 18, there is an insu= -

--._:f:f}_;-f'}lated transverse Partttton 26 which divides: the heusmgf-:f_:"355.:iffi'--"“"ﬁ-ifmnt edge 58 of the inner shell 50.

: Ef-_;'i'if'?f-_f';'ii'__'ff’imary air- passmg by the vanes 48 is given a- sw1rhng._:"_;.i?;l_-'.-g;}‘?:f_?f;.f;
'}'5}_';.'_5-_5'?:'1.'.fff'metton with' ‘respect to the longltudmal center axis. of
~_the burner 32, which in view of FIG. 3.isa clpckmse
~swirling motion. Initial combustion. of the fuel-air mix-
" ture provided from the nozzle 44 and primary air pas-é_j;’__i_.::._%f:f{.-_-_:;_-_'
- -sage 46 takes place in the shell 42, with the reacting .?:}_}-:_;_j;_
:-::-;?fuel-alr mlxture fmm the bumer 32 mo vmg forwardly} e
~_in the processing chamber 28,
- Positioned in the processing sectten 28 ef the housmg-’;{!.;_5ﬁ.’j;_;}f;";-;;_;f%’f
;-:3::'.:".;-:':-{{':'-:'_:_'I3 are two more cylmdrlc al shells, namely an interme- i
fi'f-._-;l'dlate shell 50 and an eutermcet shell 52 Both of the;fj.:.;g:;_.__j_;r"f-_:,}ji.'f_f

42
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The preferred embedtment ef the present mventlen

5 wall 26 an annular | passageway 56 which c-mplﬁtely?ff??ffi_f
. | s will be described more fully
1ol be. understeed that the present mventlon can be used_.ﬁ f-*;‘_jf_ji{_:';{i}f{_heremafter this annular passageway 56 prwldes for -
. fer processing. other types of effluent.. SRR

‘In FIG. 1, the incinerating- apparatus ef the present_.j.":_;g:-_._._;:.e-

: .-:_:.-f:_"f'_'é._.f;lITVE:I‘lUOI’l generally deSIgn ated 10, is shown mountedz'..-"ﬁ;ﬁ 10.

- side wall 20 to define with the housing. side wall 20 an
" outer annular passagew ay 70 whtch serves as an efﬂu-

- section a fan 38 which supplies primary air under pres-’f.f;"fi'_'-f_{
~sure to the burner 32 for combustion of the fuel. A
_'_'-j'_:f_:f{'f-.';i'screened air intake epenm g 40 is prawded at. the bet—
s l_.:_;;_:';'}_-fftcm of the heusmg 18 at the lecatmn of the. chamber 35
~'30. Ambient air flows: threugh the intake opening. 40
- and upwardly through the chdmber 30 mte the fan 38

':?j'j;-::fj';'}f..f;'_?'_gfffmederate level (e g shghtly mere than IOGﬂF ) and alsegp-:
te supply primary combustlen air to the burner 32
Connected to and extendtng forwardly “from the

R _-ent is'ina ceuntercleckwase dlrectlen
- j:-;z:__:;.3;;'f_fbumer 32 15 a cylmdrlcal shell 42 havmg 1ts lengltudt-.

& ef the heusmg 18 Lecated at the rear ef the shell 42 1s-‘-;'é-"f?-

AR - aforementioned efﬂuent cendmt 16. T
oa fuel nozzle: 44 of the burner 32 Wthh sprays fuelj--*

-----

.....

At the lower ferward end of the heusmg 18 there ts
an effluent inlet duct 72 which is. connected to the - =
his duct 72 pre--.',_!_,{---_:g?;:,-;:.3_'}f'
45 vides an effluent inlet ‘passage- 74 whlch carries the .
o _'__5f".;;'-_.j3;?'3'}{ferwardly ina dwergmg pattem into the area within the;'_f-f--?"._-:ilf;'_.;;37.effluent into the ferward end of the annular heat ex- oo
ShBH 42 P GSIthHEd drﬂund the HGZZIE 44 IS an ﬂ.ﬂnlﬂar Ch an g o p HSS ei g e 70 A dlS Ch HI' g e Sta Ck 76 lS C Gmle Ct e d
;_'-_{_prlmary alr mlet passage 46 ln Wthh lS dlsposed d?‘;-.'-;}_?ﬁ__{-ffi5:;.'.jf}"“-to the forward upper p ortton of the outer sh ell 52 an d
P Lo __extends upwardly threu gh the tep ferward pertlen of _f_
_{:}-;:_..._-ferwardly through the pas sage 46 mte the combustten'_;_;j 0 th :
. areadefined by the shell 42. Ascan best be seen in FIG. f{;.jj:--f;;;i__“_;_;;.-'-_,;_f_;opemng 73 at whlch leca‘tlen the su bstantlally pgllu_'_};!j-f_';'fff__—__f;::';_:-'j:.-_-.;_.:i_}i_ff':_;:-.;;.;é;_-_égj_f_j
-3, these vanes 48 are slanted in a manner that the pri= S e e

,f:--a-_s-{;-_;tlen free. gasecrus dtscharge enters. the atmesphere

SS'

- 610 te ferm essenttally carben dle)ude and water wthh

- he effluent pass

In eper atmn the efﬂ uent te be precessed ﬂews up

i i.;-'fﬁjij;::;:;*.,epen wnh the rear ed ge 54 ef the mn er shell 50 bem g

~~ the properly : centrelled inflow of the pollutec;l air efﬂu- e
T "-,ent as. sec endary au' for the emdatten reaction: takmg
’-p]ace lﬂ the pl' GCESSIHg SECHGH 23 11 '_'e ferward cn‘cular

te the roef of a precessmg pl ant 1 2 and arranged m{f{f}i_;;i_’_J‘f_:_;_.-;:fedge 58 of the inner-shell 50 is: shghtly to the rear of the':'_:;f_s_!.ff.'-.f_:';:;

_,"f:-_';-;.:_f.:_-_;_l-.j';fcenter ef the processm g sectmn 28 cf the heusmg 13

10 whlch in turn dlscharges substantlally pe]lutmn fre e{_;.__f___..:__ _gjé-:_s.gmtermedlate shell 50 and the frent end 62 f the shell S

'Q_?[ff"exhaust into the atmosphere.
S With reference to FIGS. 2 and 3 the apparatus 10 i ] B
e omprises a cylm dri cal housing 18 m ad e up of an insu- 1s clesed by a wall 64 havmg a layer ef refractery mate—-e-_:._:.-f--_;;-:_-_:-;__.._;j-_ R

) lated cylmdrlcal side wall 20 closed by a frent wall 22 - TK
e '..‘.--20':;-.:-'-la S the ferward ortten ef the mner shell 50 and the
- -and a rear-cover 24 which. s removable to. pmw S forward portion 67 of the shell 52 is forward of the =~~~

f_'-_.-;.'_;jsf?ﬁ-w__tll be descrlbed;;-.f;-?_;j;_'fl,_'_f?fi{f
18 into a forward. processing. section 28 and a rear - more fully heremafter the rear- outer shell. portion66 -
" _control section 30. A burner unit 32 is mounted to the -
P partition wall 26 at. the center axis of the heusmg 18, by
~ _‘means of a flange 34, with the dlschar ge end of the - -
;..f';j;'_.;'*ﬁ';-_'burn er 32 bemg dlrected ferwardly toward the precess-‘;?:.'-f:"?-=-i5f--15he“ 52 is Spaced moderately mwardly ef the housmg_;
_ ingsection 28.Th '
'_'.f'_f-‘_.-_._j_j{f;':_:cpntrels these bemg lecated in the housmg centro[‘“‘-“‘"“

-'-"ﬁ-'3'0f§i.-.:ent heat exchange passageway

“section and indicated at 36. Also there is in the control-

;'f’i_j._:;"_52 is located close to the heusmg front end wall 22. The:--;.-;_'_f;j;'_;;f_:f;'-__:;_'_?-ff_
o rear end of the shell 52 is open, ‘while the front end 62 R T

- forms with the inner. shell 50 an annular. passageway 68

'fi"?whlch pre v1des fer the mﬂow ef eﬁ'luent as tertt a1r

P i_lmparted to the prtmary air by the vanes 48, As seen- in

40 F IG. 2, this swirling motion of the tertlary air or efﬂu ..... -




| | 5
“ent in the passage 70 provides a thermal barrier to
prevent overheating of the housing side wall 20.

As the effluent reaches the rear portion of the pas-

--.sageway 70, a portion of this effluent passes through

'  the annular inlet opening 56 as an inflow of secondary
~air. The rest of the effluent flows into the annular;
passageway 68 to provide an inflow of tertiary air. The

3 960 504
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68 into the third zone 80c. The SWIrlmg inflow of the' o

- tertiary air imparted by the vanes 71 is opposite to the

swirling flow imparted to the primary air by the vanes

- 48. This enhances the turbulent mixing of the tertlary

~ cross sectional areas of the secondary inlet 56 and of

the tertiary passage 68 are so arranged that about one
~half to one quarter of the total effluent passes into the

10

.secendary inlet as secondary air, with the rest of the
effluent -flowing through the tertiary inlet passageway |

~ 68. The effluent traveling through the passageway 68 is
‘placed in heat exchange relationship with the inner
- shell 50 so as to further increase its temperature to aid

15

'in the combustion process, and also to cool intermedi- -

ate shell 50. The vanes 71, in addition to imparting the

swirling motion to the tertiary air flow provide addi-
- tional heat exchange surface to enhance the heat ex-
20
To describe the oxidation process whrch OCCcurs 1n

change with the effluent in the passageway 68.

 the apparatus 19, the total combusticn area 1n the sec-
- tion 28 can be considered to be functionally divided

. Into three combustion zones. The first combustion
- zone, designated 80a, is that area within the innermost

“shell 42 and a small area immediately forward of the

~ shell 42. In this first combustion zone 804, a portion of
- the fuel oil emitted from the nozzle 44 reacts with the

- primary air issuing from the primary air passageway 46
‘to provide an initial reacting air-fuel mixture travelmg
- forwardly from the first zone 80a. The flow of primary

~air is controlled by suitable means, such as a damper

- 82, so that the rate of primary air flow is approximately
half that needed to accomphsh complete combustion of

the fuel. Thus in the primary zone the air-fuel mixture

is fuel rich, with unreacted fuel passing from the first
) _combustlon ZONe. | | | |

The second combustion zone can be considered as
being located in the area within the forward portion of

air with the reacting fuel-pollutant-air mixture moving
from the second combustion zone 80b into the third

combustion zone 80c¢, which causes substantially com-

plete oxidation of the pollutants in the tertiary air flow.

The combustion products from the third combustion

zone 80c¢ pass upwardly through the stack 76 to be '

emitted from the stack discharge opening 78 into the

ambient atmOSphere as substantlally pollutron free ex-

haust. o - |
- For automatic cperatlon of the apparatub 10 thermal
sensors are placed in the lower portion of the exhaust
stack 76 and connected to the computerized controls -
of the burner 32. This can be done in a manner such

- that when the temperature in the stack 76 rises moder-

ately above a predetermined level, the flow of fuel
through the nozzle 44 can be reduced In the event that

‘the temperature in the stack 76 rises to what is consid-

- ered a danger level, the controls are caused to shut off

~ the flow of fuel entlrely to stop Operatron of the appara-
- tus 10.

25
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EX AMPLE I

An mcmeratmg apparatus was actually constructed
substantlally as shown in the accompanylng drawing.
The over all length of the apparatus was 109 % inches,
and the width, 64 inches. The length of the control

section was 36 inches, and the length of the processing

section was 73 % inches. The inside diameter of the |

~ effluent inlet duct was 18 inches; the inside diameter-of

35

the exhaust stack was 24 inches; the over all length of
the intermediate shell was 48 inches; the width dimen-

- sion of the annular tertiary passage was 5 inches; and
~ the width dimension of the annular secondary inlet

~ the intermediate shell 50, and is generally designated 40

80b. In this zone 80b, the flammg air-fuel mixture from
the zone 80a expands outwardly to mix with the secon-
- dary flow of effluent that passes through the inlet 56
and forwardly within the inner shell 50. Thus in the
zone 80b, there is further reaction of the fuel supplied

from the burner nozzle 44, along with an intermixing

and reacting of the pollutants in the effluent flowing in
- a secondary air. The amount of secondary air flowing
~through the secondary inlet passage and into the sec-

ond combustion zone is approximately adequate to .

~accomplish substantially complete combustion of the

" made too small, there was incomplete combustion of
the discharge passing out the stack 76. If the passage 56
was made too large, there was a tendency of the excess

- of air to cause a flame-out.

 The third combustion zone 80c i is that area generally
‘enclosed by the forward portion 67 of the outer shell -
52. When the reacting fuel-air mixture reaches this .

~ third combustion zone 80c, the greater percentage of

opening was 2 inches. | _
The apparatus so cc-nstructed was mstalled on the

roof of a coffee processing plant, substantially as shown
in FIG. 1, and the effluent from two coffee roasting -
ovens was directed into the apparatus 10 through the

~inlet duct. The total flow of effluent through the inlet |

45

duct was at a rate of 3,000 cubic feet per minute at

 102°F., this temperature being taken at location A, as
- 1llustrated in FIG. 2. The temperature of the effluent at

~ location B at the entrace of the tertiary passageway was

50

~ fuel. It was found that if the width of the passage 56 was

392°F. At lc-catlon C at the exit of the tertlary passage-

“way, the temperature of the effluent had risen to a level
of 586°F. At a location D in the third combustion zone,

the temperature was 1268°F. In taking this temperature

‘measurement, the sensing probe was moved trans-
~versely toward the sides of the third combustion zone,

~and it was found that the temperature was substantlally

55

uniform through all parts of the transverse plane. At a
location at the wall 64, indicated at. E, the temperature -

was 1021°F. At location F, in the stack 6 inches above .

60

~the fuel from the burner 32 has already reacted, Wthh -
- was 1047°F.

s indicated by the presence of a flame front at the
 forward end of the second combustion zone 80b, the
~ flame front being indicated at 84, which is its approxi-

 mate location when natural gas is used as the fuel.
However, when oil i is used as the fuel, the flame front

. extends further into the third combustion zone 80c.
- There is the inflow of tertiary air from the passageway

~the top surface of the housing, the temperature was
_1268°F ‘while the temperature at the surface of the
stack at G was 1188°F. At a location inside the stack'5
._-feet up from the top of the heusmg, the temperature-”_* |

~ from the coffee roasting ovens were in violation of the

local air pollution code. This effluent was in the form of

a dark smoke that errupted from the stack during cer-
tain -periods of operation. A heavy foul odor was over

'_ the entire area ad_]acent the processmg plant Subse- |

Prior to 1nstallat10n ef the apparatus 10 the efﬁuent_ o '



~_parison by means of the Ringelman Smoke Chart whlch:__f
 compares the density of columns of smoke rising from -
- stacks with shades of grey, varying by fine- equal steps
- 'f__betweerl white and black. The exhaust from the. appara-’?-’

"_;-':quent to the mstallatlen and operatldn of the 1ncmerat~'[_§ 3
- Ing. apparatus of the present invention,. -the draeharge:‘};;
... from the stack of the apparatus was analyzed by a com- -

human detection of such- pollutlon threugh the sense of

-- 3 9 60 5 04

- inant per billion parts of air. Hence the human nose has

fl‘lﬂ.;:!'___-:'___precess in the rdastmg ovens. N |
. The first step n the analysxs of the collected staek:-:____;j.__,-.:-.-_{

~often been characterized as one of the best kndwn;_.-}J'f:;fj_";
- devices for gas analyme After installation of the incin- 20
- erating. apparatus as desc rlbed ‘above, there was not;-_:-ﬂ.;ij;-.-:;_.';.;';_ -_.;_f-.;::-:;
" detectable odor in the area immediately. adjacent the
~ processing plant. Even at the very top of the staek
- where the effluent gases were being emitted; there was -
- still no detectable odor. Thus the. apparatus had re-25
~ moved. eseentlally 100% of the eder ‘causing orgame._,;;f-?i;._'j:_f_ _
: ’_{.'compounds produced in the coffee roastmg operation.: |
 Asafurther test of the effectiveness of the apparatus, - -:::___:_;d an efﬂuent inlet to direct efﬂuent into the ferward_i_._r.t_ o
'_'-ﬁ".--;i:.,f-_-bdmpleb of the effluent passing into the apparatus were .
f._'--_fggathered and- eamples of the exhaust from the appara- 30
- tus were also. gathei red. The e urpment used for such - e s : T P e S et
* sampli ing was the same as des e:lbe d in the Sotirce Sdm_;__z-i,f_:_;_:_5_:_:5_“__:::__i.:;_:_e fuel mlet means at the rear ef said hdusmg and::;__.:.-;
~ pling Manual, by M. F: Rivera, Metropolitan Dade =
- ::_--C-aunty, Mlamr Florrda ]968 The samples were: col-:-:-fs-' LT TR T e
~ lected from: the quadr ant of the stack which had th e35f means. deﬁmng a- prlmary air mlet prexrmate sald;.__-_____- SRRl

- highest gas velocity as determined by measurementf’-.-;‘i}_.;}:"___-_'_3[.-.__ fL-:j“;-{_'_._.
~ prior to sampling. The samples were collected in an=
l1mprmger which was packed in crushed dry ice. All of - .f:-:
- the volatile eemponents were remeved frnm the staek-;;*-.;.;;3_**:'.
:'.:%:?-'E“ff_f-.gasee and collected in this manner. SR R T S
~ Much of the samples ‘which were cellected in- the

"-above manner, beth befere and after memeratlon were_’f-;_:_-;{ ,::":'_-l-'-l:-: :.;f_h said shell means further cemprlsmg 31101'1131‘ shell;:!-’g-_;_-_;;_} e e TR A

:-51.:"’::.'};penents ThIS was dene by attaehm g the 1mprmger |
. _‘i’fr-:-;Cdntalnlng the sample to a vacuum train. After attach-~ -

s -meve all df the water frem the sample The next step,ﬁ e o D T
_; WﬂS tg p d‘SS the gages throu gh a gl 355 tube lmmBI'SEd lﬂ-il heat exchange pHSSBgEWﬂy tﬁ prewde Ei tertlary_: LR T T e
~“adry ice-acetone bath. Thus, all of the volatile cempe---?}'ﬁ?
fnents in the eample except for water wh:ch was re-
"f:_.:f_;_-_'fmdved earller in the train, were. collected in the tube’;:;.j--‘_.}{:
_:_:__._;'_.__:iwhrch was at the dry ice-acetone bath temperature |
The compenents eellected m the dry 1ce—acetdne;_;:_;;:"f_:"-
. 60
_;f‘.welght ef the pre-welghed tube the welght df the cem-—f{gz -
. ponents cellected in this way could be determmed

*Included in these velatlle components are the orgamei;f;_ff i

What is elalmed 13

_E?’-,_'-"eempene nts present in the stack effl u.e nt when the umti;-? e
- TWas - aperatmg at 1200°F. (650°C.), ‘which is. about
~50°F. to 100°F. below ¢ optimum’ eperatmg temp rature A
- for the partrt,ular applleatldn Since 1200°F. (650°C.);- 5--'-; AR

s the minimum temperature | that complete oxidation of

- all organic components. 'should take: place it can rea_-.:__:

- -~ sonably by surmised that the. remeval efﬁmency should - .~
~tus'had a ngelman number of zero, which: mdlcates a

| =’_;.:_'reduet10n df VISlble emmlsslons of essentlally 100 per-;'__'*_:-

“be increased to essentially 100 percent when the tem-_*:-.'2-____':':'_:,—i_,f?_.
;-___-.]_6:__;5_?'.perature is increased te 1300“13 (70()"(1' ) AL
Anether rnedeure of pellutldn remdval IS 31mply by

i Ot An mcmeratmg apparatus adapted te accompllshil_;_:}_-_ Ly

o _eubstantrally complete combustlen of an eﬂ'luent such
-~ smell. Humans have the abrllty to respond to: thousands B SR I
- of drstmct odor stimulii and to detect” air- pellutantsi
- which may: originate from sources at reldtwely great*ﬁl}li"'!-'
dlbthCEb Such- Od(}l‘b can be detected 1n- eeneentra{--:_"'j'lf::

- tions of gaseous materials as low as one: part of centam-'__:ﬁ_—';.-'_;'_f.-f_

tamm g srde wall and a ldngltudmal axis extendmg-:i_.-.'._;_:--_":-.-'.;

frem the rear to the forward end of the housing, -

b alon gltudlnally a]tgned shell means located wrthm
“said housing and- Spaced radlally mwardly the re-
*from, said shell means defining a cembustmn area:{?fiﬂ’i L

fer memeratlen ef sald efﬂuent

“shell means and coolmg the shell means,

way,

tlen area tG react w1th sald efﬂuent

rear ef sald cembustlen area

tldn ef bdld eembustlen area ---- L e

cemb ustldn zenes

| '*'-5"'-and- e

sald cembustlon area

efﬂue nt therethreu gh wnth the efﬂuent m the pas-jj f
- sageway bein; g In. heat’ exchange relatlonshrp withoooo
- said shell means so as to become heated from the L

‘end of said heat exchange passageway for flow - =
rearw ardly thrdugh sald heat ex change passage-:_;_1.-1__.:.

fuel inlet to provide a primary air inflow to react =
with said fuel at an initial combustion zone at the’-’?'L;?-;i%ff'?i?-’Qf?-:f}ffif--}'é{f:_f

means Spaced nw ardly and-re arwardly of said
~outer shell- ‘means and deﬁnmg an intermed; ate -
c.mb ustlon zone . between sald mmal and ﬁnal? Ef-f.'} P N

_'__ef sald ether shell means c&mmumcatmg wrth sald'_ﬁ_'.ff;_::f-_if:_:f.:__:'ff
ment to the vacuum train, the sample was allowed to. :__:.,::_::-":_heat exehange passageway to prdvlde a seeondar y
--;'f'-come to room temperature All gases. which came frem;g_SQ SR -

_-_*_:the sample were ﬁrst passed threu gh a 1 2 mch tube of

flow: ef effl uent mte sald ﬁnal eombustlen zone

k means defimng an outlet frem sard edmbustlan;;;';_ﬁ_.;.;;gi_.g;-..._‘_f;__;_
area to drbeharge the cembustren prdduets from; R e

is prrmary vane means arranged to lmpart a Serllng:f{__;'.:: .
~‘motion to said primary air in a first switling direction, =~
"and there are other vane means arran ged te 1mpart an
f:j}cempdunds such ‘as,’ aldehydes ketones, esters, and
*acids which ‘were mentrened Previdusly herein. From-_:_‘:."'..flS'"'

_i.____:_-:;_.the ealculatldns dn the data derwed m the abdve man- T e T R R L

;anea. L SRR B e
e 3. The apparatus as remted m clalm 1 wherem th erej_--
_f'f' .'__-*5:1;;:'_':_-_'_'_:::18 addltle nally an rmtlal shell means Spaeed radl allyf}'-_‘-_




3,960,504

9

inwardly from said other shell means and defimng said
initial combustion zone.

4. The apparatus as recited in claim 1, wherein said

outer shell means overlaps said other shell means to
define therebetween a second heat exchange passage-

way having an inlet communicating with said first men-

tioned heat exchange passageway and an outlet com-
municating with said third combustion zone, whereby
effluent from said first named heat exchange passage-
way flows through said second heat exchange passage-
way to be in heat exchange relationship with said other
shell means.

S. The apparatus as recited in claim 4, wherein there
1S vane means In said second heat exchange passageway

to impart a swirling motion to effluent passing through

sald second heat exchange passageway.
6. The apparatus as recited in claim 1, further com-

prising fan means to provide primary air under pressure
into said mitial combustion zone.

7. The apparatus as recited in claim 6 wherein there

IS primary vane means to impart a swirling motion to
said primary flow in a first swirling direction, and there
. is other vane means arranged to impart a swirling mo-
tion to the effluent from said heat exchange passage-

way In a direction generally opposite to sald first direc-

tion.

8. The apparatus as recited in claim 7, wherein said
other vane means is positioned at said tertiary inlet to
provide said opposite swirling motlon to the tertiary

flow of effluent.

9. An incinerating apparatus adapted to incinerate an
effluent, such as a polluted air efﬂuent said apparatus

comprising:
a. a housing having a longitudinal axis, a rear end and
a forward end,

b. first inner shell means at the rear of said housing
generally longitudinally aligned and deﬁnmg an

initial combustion zone,

c. fuel inlet means to direct a fuel into said initial
combustion zone,

d. primary inlet means to direct a primary flow of air
into said initial combustion zone to react with fuel
~ therein,

e. second shell means spaced radially outwardly of

said initial shell means and extending forwardly
therefrom to define a second combustion zone
positioned forwardly of said initial combustion
zone, | |

f. secondary inlet means at the rear of said second
shell means to provide a secondary inflow into said
second combustion zone,

g. third shell means positioned radially outwardly of

said second shell means and extending forwardly
therefrom to define a third combustion zone,
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h. tertiary inlet means between said second and third
shell means to provide a tertiary flow into said third
combustion zone, |

i. effluent inlet means communicating with said sec-
ondary inlet means and said tertiary inlet means to
provide an inflow of said effluent into said second
and third combustion zones, and

j. means defining an outlet from said third combus-
tion zone.

10. The apparatus as recited in claim 9, wherein
there is a transverse wall which separates said housing
into a forward combustion area and a rear control area,
a burner means with burner controls positioned at said
control area, primary fan means to direct primary air
through said primary inlet means into the tnitial com-
bustion zone, and air Inlet means to provide an inflow
of ambient air into said control area to supply air to
said fan means and to cool said control area.

11. The apparatus as recited in claim 9, wherein said
secondary inlet means has an opening of a cross sec-
tional area approximately one quarter to one half of the
cross sectional area of said tertiary inlet means,
whereby the flow of secondary effluent i1s approxi-
mately one quarter to one half of the total eftluent flow.

12. The apparatus as recited in claim 9, wherein said
third shell means 1s spaced radially inwardly from said
housing, and said third shell means and said housing

define a heat exchange passageway for effluent flowing
through said secondary and tertiary inlet means,
whereby said effluent is in heat exchange relationship
with said third shell to be heated thereby, while cooling

said third shell means.

13. The apparatus as recited in claim 12, wherein
said second and third shells have overlapping portions
to provide a secondary heat exchange passageway for
flow of effluent therethrough to provide further heating
of said effluent and cooling of said second shell.

14. The apparatus as recited in claim 9, wherein said
secondary and tertiary inlet means each define a re-
spective annular inlet to provide annular inflow of the
effluent into the second and third combustion zones.

15. The apparatus as recited in claim 14, further
comprising a transverse wall at the rear portion of the
housing, said transverse wall defining with said second
shell said annular secondary inlet through which said
secondary flow of effluent passes into said second com-
bustion zone. -

16. The apparatus as recited in claim 14, wherein
sald second and third shells have overlapping portions
to provide said tertiary inlet for the tertiary flow of
effluent into said third combustion zone.

17. The apparatus as recited in claim 16, wherein
there are vane means to impart a swirling motion to

said tertiary flow in a first direction.

18. The apparatus as recited in claim 17, wherein
there 1s primary vane means to impart a swxrlmg flow to

said primary ﬂow opposite to that of the tertiary flow.
* * H & &
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